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ABSTRACT
Purpose: Sedentary behavior is common in people with stroke and has devastating impact on their
health. Quantifying it is important to provide people with stroke with adequate physical behavior recom-
mendations. Sedentary behavior can be quantified in terms of posture (sitting) or intensity (low energy
expenditure). We compared the effect of different operationalizations of sedentary behavior on sedentary
behavior outcomes (total time; way of accumulation) in people with stroke.
Methods: Sedentary behavior was analyzed in 44 people with chronic stroke with an activity monitor
that measured both body postures and movement intensity. It was operationalized as: (1) combining pos-
tural and intensity data; (2) using only postural data; (3) using only intensity data. For each operationaliza-
tion, we quantified a set of outcomes. Repeated measures ANOVA and Bland–Altman plots were used to
compare the operationalizations.
Results: All sedentary behavior outcomes differed significantly between all operationalizations (p< 0.01).
Bland–Altman plots showed large limits of agreement for all outcomes, showing large individual differen-
ces between operationalizations.
Conclusions: Although it was neither possible nor our aim to investigate the validity of the two-compo-
nent definition of sedentary behavior, our study shows that the type of operationalization of sedentary
behavior significantly influences sedentary behavior outcomes in people with stroke.
 IMPLICATIONS FOR REHABILITATION
 Reliable assessment of sedentary behavior after stroke is important in order to provide adequate
physical behavior recommendations for people with stroke.
 Sedentary behavior can be operationalized in terms of body posture (sitting time) or in terms of move-
ment intensity (time <1.5 MET) or as a combination of both criteria; this study reveals that the type of
operationalization affects the different outcome measures used to quantify sedentary behavior.
 Comparing sedentary behavior outcomes requires caution and should only be done when sedentary
behavior is operationalized in the same way.
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Introduction
Regular physical activity contributes to primary and secondary
prevention of several chronic diseases and is associated with a
reduced risk of premature death [1]. Moreover, there is increasing
evidence for an association between sedentary behavior (SB) and
disease, health markers and mortality, independent of the level of
physical activity [2–5]. SB is not the same as the lack of physical
activity [6,7]; for example, during 1 day, individuals can be both
highly active and have a large amount of SB [4,5]. The Sedentary
Behavior Research Network has defined SB as “any waking behav-
ior characterized by a low energy expenditure (1.5 METs) while in
a sitting or reclining posture” [7]. Thus SB comprises two compo-
nents: a postural one and an intensity component. Moreover, not
only the amount of SB is important, but also the way in which SB
time is accumulated [8,9]. For example, breaking up long periods
of sedentary time may provide beneficial metabolic effects in add-
ition to the beneficial effects of reducing total sedentary time
[8,9]. Therefore, SB is expressed by several outcomes, such as total
time, number of bouts, and mean bout length.
Despite the availability of a clear definition of SB [7], few studies
have measured SB according to the full definition, i.e. comprising
both the postural and intensity component. Some groups used an
activity monitor which estimates energy expenditure [8–10] whereas
others used activity monitors which measure body postures and
movements (hereafter called postures/movements) [11,12]. Using
only postural data, or only intensity data, as the operationalization of
SB is likely to influence the values of SB outcomes. However, the
effect of using these different operationalizations of SB is unknown.
In order to understand how different operationalizations of SB
affect SB outcomes, we previously assessed this effect in healthy
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people [13]. We found significant and substantial differences in SB
outcomes between different operationalizations. Specifically, the
amount of sedentary time differed 10–20% between different
operationalizations, while the difference in the accumulation of
sedentary time was even larger; i.e., fragmentation of sedentary
time varied up to 50% [13]. We suggested that these differences
could result from specific physical behavior patterns, such as
standing still with low energy expenditure and sitting while mov-
ing with high energy expenditure [13]. Because the frequency and
duration of such behaviors most likely differ between people with
stroke and healthy people [14–17], the results of our previous
study in healthy people may not be generalizable to people
with stroke.
Measuring SB in people with stroke is relevant because of their
high level of SB [14–17] and the fact the SB is a risk factor for car-
diovascular diseases in persons who are already at risk [18].
Quantifying SB is important to provide people with stroke with
adequate physical behavior recommendations. Previous studies
on people with stroke did not measure SB according to the full
two-component definition, the study was either based on esti-
mates of energy expenditure [14,15] or on postures/movements
[16,17]. Therefore, the present study aimed to quantify differences
between three different operationalizations of SB in a set of SB
outcomes in people with chronic stroke.
Methods
Participants
The data of this study was collected as part of a larger study. The
purpose of that larger study was to predict fall risk in daily life
based on balance capacity in a group of 81 people with chronic
stroke [19]. In that larger study, the level of physical activity was
determined as covariate and was measured with pedometers, and
in a subset of 58 participants, with a sophisticated activity moni-
tor. Inclusion criteria were (i)> 6months after a unilateral supra-
tentorial stroke, and (ii) able to stand/walk independently
(Functional Ambulation Categories 3). Excluded were people
with (i) other neurological or musculoskeletal disorders affecting
balance, (ii) a reduced cognitive functioning (Mini Mental State
Examination score <24), and (iii) medication that affects reaction
time. All participants provided written informed consent. The
study protocol was approved by the Medical Ethics Committee of
the region Arnhem-Nijmegen.
Data collection
SB was objectively measured using the accelerometer-based
VitaMove activity monitor (2M Engineering, Veldhoven, The
Netherlands). The VitaMove is the wireless successor of the
Vitaport and both have widely been used to measure postures/
movements. For detection of postures/movements, validation
studies with the Vitaport were performed with video recordings
as reference data, and those studies showed good results (agree-
ment Vitaport – video around 90%) with only small differences
between different patient groups (agreement ranging 87–90%)
[20–22]. Thus, our measurement system has proven to be valid
for postures/movements detection in a variety of populations
with deviating movement patterns. In addition, the Vitaport/
VitaMove system has been previously applied in people with
stroke [23–27]. In addition to the valid postures/movements
detection, the Vitaport/VitaMove provides reliable estimates of
movement intensity and energy expenditure, comparable to those
of heart rate. The way in which movement intensity is calculated
is basically the same as the vector magnitude calculations in other
accelerometer devices. A conceptual difference is that the
Vitaport/VitaMove movement intensity (called body motility) is
based on the input of 3–4 sensor units, whereas other accelerom-
eter devices usually use only 1 sensor. Bussmann et al. [28] com-
pared body motility of the Vitaport with oxygen uptake and heart
rate during increasing walking speed in healthy people. Pearson
correlation coefficient, based on individual linear regression equa-
tions, for the body motility—oxygen uptake relation was on aver-
age 0.97, which was the same for the heart rate–oxygen uptake
relation. The inter-individual range was somewhat smaller for the
body motility–oxygen uptake relation (0.95–0.98) than for the
heart rate–oxygen uptake relation (0.93–0.99). Next, this body
motility was used as measure for walking speed in several studies
[29,30]. Finally, the body motility values showed to have a strong
relationship (r¼ 0.91) with movement counts measured with the
Actigraph device [13]. We used this strong relation to set a
threshold below which the intensity is defined as SB (see Data
Processing). The VitaMove consists of three body-fixed accelerom-
eters (Freescale MMA7260Q, Denver, USA), one attached to the
sternum and one to each thigh. The three sensors are wirelessly
connected and synchronize every 10 s; full details on this device
are published elsewhere [31,32].
The system was worn during waking hours; participants fixed
the sensors (using elastic belts) after getting out of bed and
removed them before going to bed. Because the sensors are not
waterproof, they were not worn during swimming, bathing, or
showering. The monitoring period lasted for 7 consecutive days.
The first day was not included in the analysis, because this was
not a full and representative day: the measurement was initial-
ized, the device was attached and the measurement instructions
were given. Data was included in the analysis when the device
was worn correctly for at least 3 days with a minimum of 8 h of
wearing time/day. To avoid measurement bias, participants were
instructed to follow their ordinary daily life; the principles of the
activity monitor and the research questions were explained after
the monitoring period.
Data processing
The measured accelerations were analyzed using VitaScore
Software (VitaScore BV, Gemert, The Netherlands). For the postural
data, the same software was used to automatically detect a spe-
cific postures/movements (lying, sitting, standing, walking, cycling,
and general noncyclic movements) each second. Full details on all
steps of this detection procedure are described elsewhere [31].
Briefly, the posture/movement detection is based on three feature
signals that are derived from each measured acceleration signal.
These feature signals are (1) an angular feature (expressing the
orientation of the sensor relative to the gravity), (2) a motility fea-
ture (expressing movement intensity, based on the variability of
the acceleration signal around the mean), and (3) a frequency fea-
ture (expressing the main frequency of the signal in case of
repetitive movements). Based on thses feature signals, posture/
movement specific settings, and minimal distance-based algo-
rithms, each second a specific posture/movement is automatic-
ally detected.
One of the features used in those steps is the motility or
movement intensity of each sensor, which is quantified based on
the variability around the mean of the raw acceleration signal.
The average of the motility of all sensors, the body motility
(expressed in g: 1 g¼ 9.81m/s2), was used as intensity data.
Comparable to other devices providing energy expenditure
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output (usually in movement counts), there is a threshold below
which the intensity is defined as SB. In this study, a threshold of
0.045 g was used. This threshold was determined based on add-
itional measurements in 8 healthy people (mean age 31 years; 2
men); during these measurements the participants wore the
VitaMove and Actigraph (GT3X, Actigraph, Pensacola, FL), and per-
formed a short protocol including sitting, standing and walking,
all items with different intensities. The body motility of the
VitaMove and the counts of the Actigraph were strongly corre-
lated (R¼ 0.91, p< 0.001), and a VitaMove body motility of
0.045 g corresponded to 150 counts of the Actigraph, which is a
valid threshold for SB [33]. After dichotomizing the body motility
output, a 5-s duration threshold was applied, comparable to the
post-processing of the postural data in VitaScore [31].
Sedentary behavior: operationalization and outcomes
SB was operationalized in three ways:
1. Combining postural and intensity data as the definition of
SB: waking time in which i) the posture was lying or sitting,
and ii) the movement intensity was low (body motility
<0.045 g, comparable to Actigraph <150 counts).
2. Using only postural data: waking time in which the posture
was lying or sitting.
3. Using only intensity data: waking time in which the move-
ment intensity was low (body motility <0.045 g, comparable
to Actigraph <150 counts).
For all these operationalizations SB was quantified by five
SB outcomes:
1. Total time: the absolute sum of all sedentary time (in min).
2. Number of bouts: the number of uninterrupted periods
of SB.
3. Mean bout length: the back transformed mean of the natural
log data (in min). This transformation was done because the
length of the sedentary bouts was not normally distributed.
4. Fragmentation: the number of sedentary bouts divided by
the total sedentary time. The higher the fragmentation, the
more fragmented the sedentary time.
5. W-index: the fraction of the total sedentary time that was
accumulated in sedentary bouts longer than the median sed-
entary bout length. The higher the W-index, the more time is
accumulated in relatively long sedentary bouts.
These outcomes were calculated by an in-house Matlab pro-
gram for each measurement day, and then averaged for all days
of a measurement to represent the average SB per day.
Statistical analyses
To quantify and test differences between the three operationaliza-
tions of SB, repeated measures ANOVA and Bland–Altman plots
were used. For the repeated measures ANOVA, the different oper-
ationalizations were used as the within-subject variable. To test
sphericity, Mauchly’s test was used and the Greenhouse–Geisser
estimate was used when the sphericity assumption was violated.
Significance level was set at p< 0.05 and Bonferroni’s post hoc
correction was used to correct for multiple pairwise comparisons.
The mean difference and corresponding 95% limits of agreement
were calculated and plotted for each of the three pairs of opera-
tionalizations for all five outcomes. All analyses were performed
with SPSS software version 21 and Microsoft Excel version 2010.
Results
Data of 14 of the 58 participants were excluded from analysis due
to system failures (e.g., low power, n¼ 7), bad quality of data (e.g.
leg sensors switched during measurement period, n¼ 6), or too
little valid data (<3 days with at least 8 h, n¼ 1). Remaining data
of 44 participants were included in the analysis with a mean of
5.6 days of 14 h of measurement per participant (Table 1).
All SB outcomes showed a significant difference between the
three operationalizations of SB (all p< 0.001; Table 2 part A). The
three paired t-tests of the post-hoc comparison showed that all
pairs were significantly different for all SB outcomes (p< 0.001;
p< 0.01 for the posture-intensity difference for the W-index; Table
2 part B). The total time and the W-index had the highest values
in the postural operationalization and the lowest in the combined
operationalization, whereas the number of bouts and fragmenta-
tion had the highest values in the intensity operationalization and
the lowest in the postural operationalization. The mean bout
length had the opposite pattern, with the lowest values for the
intensity operationalization and the highest for the postural
operationalization.
In the Bland–Altman plots (Figure 1), the mean difference
between the pairs of operationalizations and the limits of agree-
ment are visualized for all SB outcomes. The mean difference in
all pairs of all SB outcomes indicated a systematic difference
between the operationalizations. The limits of agreement showed
that there was an inter-subject variability in the difference
between operationalizations. The range between the limits of
agreement was larger for the outcomes describing the accumula-
tion pattern (except for the W-index) than for the amount (total
time). Figure 1 can also be seen that the difference between the
combined operationalization and postural component alone is
proportional to the magnitude of the measure for the number of
bouts, the mean bout length, and the fragmentation. This also
applies to the mean bout length of the other two comparisons
and for the fragmentation of the posture–intensity pair.
Discussion
This study compared the effect of three operationalizations of SB
in a set of SB outcomes measured in people with chronic stroke.
All three operationalizations yielded significantly different results
for all SB outcomes. The differences between the operationaliza-
tions were systematic and showed large variability between
participants.
Our results indicated systematic differences in SB outcomes
between the different operationalizations of SB. Specifically, the
combined operationalization yielded the lowest duration of sed-
entary time compared to the postural and intensity operationali-
zations. This difference can be logically explained by the
conceptual differences between the operationalizations. Both the
postural and intensity operationalization have only one require-
ment: either time has to be in a sitting or reclined position, or
Table 1. Characteristics of the participants included in the analysis (n¼ 44).
Age in years, mean (SD) 64 (9)
Sex (male/female) 33/11
Time since stroke in months, median (25th–75th percentile) 37 (19–82)
Type of stroke (hemorrhagic/ischemic) 7/36, 1 missing
Side of stroke (left/right) 21/23
Ten-meter walking test in seconds, mean (SD) 10.8 (4.1)
Berg Balance Scale, mean (SD) 52 (7)
Timed-up-and-go test in seconds, mean (SD) 12.7 (7.4)
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below a certain intensity level. However, in the combined opera-
tionalization both requirements must be met, which logically
results in less time indicated as SB. When we compared the sed-
entary time in the postural operationalization to the time in the
intensity operationalization we found the highest duration in the
postural operationalization. This difference cannot be immediately
explained from a conceptual perspective, because there are two
effects that counteract each other: in the postural operationaliza-
tion, some of the time will be classified as SB while this time does
not meet the requirement of a low intensity, for example in the
case of so-called “active sitting”. On the other hand, in the inten-
sity operationalization, ‘standing still’ might be included as SB,
whereas this does not meet the postural requirement.
The type of operationalization did not only affect the duration
of SB, but also the other outcomes. For example, in the postural
operationalization time classified as SB was, as already discussed,
higher, but also accumulated in less bouts which were on average
longer compared to the combined operationalization. The oppos-
ite happened in the intensity operationalization, with shorter time
classified as SB, but accumulated in more and shorter bouts com-
pared to the combined operationalization. The time of SB only
detected by one of both requirements can be within two SB
bouts connecting them to one larger bout, or can be a separate
bout. These differences in SB outcomes between the operationali-
zations were not only significant (Table 2, Part B), but also suffi-
ciently large to be considered clinically relevant. Especially
outcomes related to the accumulation of SB (e.g., the number of
bouts, mean bout length, and fragmentation) exhibited large dif-
ferences between almost all pairs of operationalizations; these dif-
ferences were larger than 50% of the mean value of the
compared operationalizations.
Besides large mean differences, the limits of agreement were
also large (Table 2, Part B. and Figure 1). These large limits of
agreement indicate a high variability in the individual differences
between operationalizations. In some participants SB outcomes
differ very little between two operationalizations, whereas others
show a considerable difference between two operationalizations.
However, the limits of agreement were overestimated for some
comparisons (Figure 1: indicated by ) because the difference
between the two operationalizations was dependent on the mean
value; i.e. when being more sedentary the two operationalizations
differ more from each other. In those comparisons, the individual
variability was much lower when taking dependency into account.
This result was not expected and it is unclear why this occurs in
only some of the SB outcomes for some pairs of operationaliza-
tion. However, our main results still showed a systematic differ-
ence between the three operationalizations, with individual
variability in the differences between operationalizations.
The present study is a continuation of our earlier study investi-
gating the effect of operationalization in healthy people; the pre-
vious study revealed a strong and significant effect of the
operationalization of SB in a set of SB outcomes [13]. The ration-
ale for this additional study in people with stroke is that the pre-
vious results cannot be automatically generalized to people with
stroke. In addition, we assumed that a different physical behavior
might also influence the effect of the operationalization of SB,
and based on literature, we also assumed that people with stroke
have a different physical behavior than healthy people [14–17]. In
both our studies, the same SB outcomes were calculated and the
same operationalizations of SB were used.
Analysis revealed that values on the SB outcomes per opera-
tionalization differed only slightly between healthy people in our
earlier study and people with stroke in the present study (seeTa
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Table 3 for comparative data). However, because the healthy
group differed in demographic characteristics from the stroke
group, we cannot conclude that the physical behavior of healthy
people and people with stroke is the same, despite the minor dif-
ferences in these values. Therefore, this study provides relevant
findings, i.e. that also in people with stroke there is a strong effect
of operationalization of SB on a set of SB outcomes.
The effect of operationalization is important when using SB
outcomes in research or clinical practice. Operationalization of SB
is mainly determined by the measurement device used. For
example, Actigraph (an accelerometer commonly used to assess
SB) has movement counts as primary output, which is comparable
to the intensity operationalization [8–10,14], whereas activPAL
(also increasingly used to assess SB) primarily measures postures/
movements comparable to the postural operationalization
[11,12,16,17]. When comparing the results of SB when SB has
been operationalized in different ways (i.e. mainly when two dif-
ferent devices are used), it remains unclear whether there is a real
difference in SB, or whether the difference is caused by the differ-
ent operationalization of SB. Therefore, we recommend that SB
data and results only be compared when both outcomes are
measured with the same operationalization of SB. This applies to
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Figure 1. Bland–Altman plots (x-axis: mean of both operationalizations; y-axis: difference between both operationalizations) per pair of operationalization for all sed-
entary behavior outcomes.
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various types of comparisons, e.g., comparing one’s own results
with literature, comparing different groups, and comparing longi-
tudinal results within the same study.
Based on this study, it was neither possible nor our aim to
investigate the validity of the two-component definition of SB.
However, as mentioned in our previous paper, elucidating the
working mechanism of SB and the most reliable and valid way to
operationalize SB is the next major challenge in research [13].
Until then, we recommend to simultaneously measure postures/
movements and intensity in SB research to follow the consensus
definition of SB proposed by The Sedentary Behavior Research
Network [7]. When both components are measured simultan-
eously, it is also possible to elucidate the contribution of both
components separately to SB and its health effects. It is possible
to measure simultaneously postural and intensity data with devi-
ces such as the Actigraph and activPAL, albeit they are not often
used in that way. Some information is available on measuring
postural data with the Actigraph and estimating energy expend-
iture with activPAL [34–37]; however, studies using these function-
alities [38,39] had other aims and did not combine postural data
and intensity data to estimate SB. Hopefully, those devices will be
improved to enable simultaneously measuring postures/move-
ments and intensity to estimate SB according to its definition.
A limitation of this study is that the intensity (or energy
expenditure) was measured indirectly by movement counts.
Although the threshold for SB was determined previously, this
was not verified with simultaneous direct measurement of energy
expenditure [13]. Furthermore, this threshold was not adjusted for
people with stroke relative to healthy people. Performing PA is
more strenuous for people with chronic conditions than for
healthy people, indicating the need to adjust thresholds for inten-
sity levels [6]. However, adjusting the threshold for the SB level
seems less urgent than for PA, due to the generally very low bur-
dening during sedentary activities.
Conclusions
Although it was neither possible nor our aim to investigate the
validity of the two-component definition of SB, the present study
shows that the type of operationalization of SB has a significant
impact on SB outcomes in people with chronic stroke. Therefore,
comparing SB outcomes from different studies requires caution
and should only be done when SB is operationalized in the
same way.
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